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(57) Abstract 

A method and related apparatus are disclosed whereby concentration of a 
flowable foodstuff can be accomplished by supplying said flowable foodstuff in- 
to a vaporization chamber (6) as split into a plurality of free nappes (7) and caus- 
ing said free nappes (7) to run a predetermined distance to release vapor from 
their surfaces. After covering said distance, the free nappes of flowable foodstuff 
are collected into a mass at the bottom of said chamber (6). 
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' Process and apparatus for concentrating 
high-viscosity foodstuffs. 

DESCRIPTION' 

This- invention relates to a method cf concent rat i nc 
high-viscosity flowable foodstuff, particularly but net solely 
useful to continuously concentrate tomato and fruit juices ar.c pulps, 
generic pulped foodstuff, and the like flowahle foodstuff 
products having a high viscosity and a fiber content which 
may be quite high. 

The invention also concerns an apparatus for imolementinc 
this method. 

The method and acoaratus cf t hi s invention will solve ir 
particular the problem cf providing high concentrations cf 
flowable foodstuff as outlined above , which concentrations 
usually associate with a high viscosity and low heat conductivity. 
In this respect, mention may be made of tomato juice concentration 
to yield concentrates. ' - 

For simolicity cf exDressicn and while excluding all and 
any limitations, flowable foodstuff procucts cf the types mentioned 
above will be referred to hereinafter as "licuic mixtures" 
irresoective cf their nature ar.c stiffness, anc the licuic tc 
be evaoorated as the "c'i luent" . 

In some Drior arrangements, concentration has been carried 
out by boiling the liquid mixture to evaporate the diluent in 
vats heated by means of steam pipe coils or some other heating 
arrangements. 

Such systems cannot afford high concentration and stiffness 
of the liquid mixture, due to difficulties with circulating and 
removing vapor from tne concentrate, sucn difficulties apoearinc. 
as the concentration and related viscosity cf the liauid mixture 
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increase- 
In other prior arrangements, commonly termed downflow film 
systems and including a vertical tube nest heat exchanger, the 
liquid mixture flows down the individual tubes without completely 
filling them, that is, runs across their inner walls leaving their 
central portion unoccupied where vapor is released and then 
exhausted from one end of the tubes. 

However,, such prior systems are only effective to concentrate 
highly flowable liquid mixtures and unsuited to provide high 
concentrations, especially if the liquid mixture contains fibrous 
matter. 

In yet another and more frequently employed arrangement, 
concentration is accomplished by heating the Liquid mixture inside 
the tubes Laid into a nest configuration. 

With such systems, the Liquid misture effluent stream from 
each individual tube meet inside a header, wherein they mixed 
into. a net stream which is then supplied to a separator,, often 
of the cyclone type, wherein the vapor is reLeased from the 
Liquid mixture which, as a result, becomes concentrated. 

Some of the mixture concentrate is tapped off to subsequent 
process steps, whereas the remainder is returned to the tube 
nest to undergo .a further concentration cycle, and so forth. 

It should be noted that the liquid mixture stream exiting 
each individual tube has a markedly higher surface temperature than 
either its core temperature or the substantially uniform 
temperature of the Liquid mixture being supplied to the 
separator and resulting from the individual streams from the 
tube nest tubes being merged and mixed together. 
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In these prior systems, therefore, the vapor is separated 
from the liquid mixture based on the temperature of the ne: 
stream being fed into the separator, which temperature is, as 
mentioned, Lower than the surface temperatures of the 
individual streams of liquid mixture issuing from the .tube 
nest tubes. 

It should be further noted that within the separator, even 
if of the usual cyclone type, the vapor should be released from 
the entire mass of liquid mixture, and therefore also from the 
remotest portions from the vaporization surface, thereby a higher 
temperature of the mixture becomes necessary to provide for 
difficult release of the vapor from the deepest layers thereof. 

The method of this invention, particularly useful to 
concentrate a highly viscous flowable foodstuff (liquid mixture) 
which may contain fibrous matter, is of a type which consists 
of heating a continuous flow of said flowable foodstuff by 

i 4 

causing it to flow, under a so-called full-rtube condition, 
through a plurality of tubes of a tube nest heat exchanger, and 
is characterized in that it comprises the following steps: 

supplying said flowable foodstuff, from each tube in said 
heat exchanger directly into a vapori zat ion:chamber,;tovf orm- a 
corresponding plurality of free nappes of heated flowable 
foodstuff therein; 

driving off said chamber the vapor being released from 
the surface of each free nappe of said flowable foodstuff; 

subsequently collecting all said free nappes of flowable 
foodstuff into a mass of concentrated flowable foodstuff, and 

returning said mass, of concentrated flowable foodstuff 
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to the inlet end of said heat exchanger following the addition 
of an appropriate amount of flowable foodstuff tc be concentrated 
and tapping off concentrated liquid mixture. 

Within the vaporization chamber, the vapor issues from the 
hotter peripheral layers of the individual free nappes> before said 
free nappes merge and mix together making the temperature 
uniform throughout. 

The mass of concentrated mixture may collect at the bottom 
of the vaporization chamber, whence it would be picked up by 
means of a pump or such like devices and cycled back to the inlet 
end of the tube nest heat exchanger, after some of the concentrated 
liquid mixture is tapped off and a corresponding amount to be 
concentrated is added. 

According to this method, vapor evolvement only takes place 
from the hotter surface layers of the individual free nappes 
without involving release of vapor from deep layers of any 
liquid masses, thus obviating the drawbacks that would be caused 
by resistances to such release. 

In a preferred embodiment of the invention, a resistance to 
the mixture delivery is provided at the tube ends opening into 
the vaporization chamber, thereby the liquid mixture will be 
subjected, along the entire length of the heat exchanger tubes, 
to a higher pressure than in the vaporization chamber, and if 
necessary, also to the vapor pressure of the liquid mixture 
at the higher mixture temperature at the waLl, thereby the 
liquid mixture is heated within the tubes of the heat exchanger 
without vaporization occurring, at any point inside the tubes. 

In this way, the thermal benefit is secured that the 
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surface Layers of the individual streams of Liquid mixture 
inside the respective tubes of the heat exchanger are hotter 
than the core region of said streams, and that as the Latter 
form the corresponding free nappes in the vaporization chamber, 
vaporization will take place from the hotter, external regions 
thereof. In particular when concentrating mixtures comprising 
food juices and pulps, the great advantage is secured that, 
with vaporization occurring nowhere inside the tubes, neither 
the product will be burned nor hard deposits formed across 
the tube walls. 

In addition, since the vaporization surface is equal to 
the combined surfaces of the individual free nappes during their 
movement through the vaporization chamber before merging together 
into the mass of concentrated mixture, this vaporization surface 
will be much Larger than that to be obtained with prior art 
methods- 
It has been shown experimentally that the method of this 
invention can provide faster and deeper concentration of the 
Liquid mixture, while reducing or even eliminating altogether 
the mixture overheating during the concentration step, thus 
contributing to the safeguard of the organoleptic properties of 
the start flowable foodstuff. 

The invention features and advantages will become mere clearly 
apparent from the following detailed description of an embodiment 
of the inventive method, given with reference to the 
accompanying illustrative and non-limitative drawings, where: 

Figure 1 shows schematically an apparatus for implementing 
a first embodiment of the method according to the invention; 
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Figures 2 to 5 shows modified embodiments cf a detail of 
the apparatus shown in Figure 1; 

Figure 6 shows schemat i ca L Ly a modified embodiment of the 
apparatus shown in Figure 1; and 

Figure 7 shows schemat i ca L Ly a further modified embodiment of 
the apparatus in Figure. 

Throughout the drawing figures, Like component parts of the 
inventive apparatus are denoted by same reference numerals. 

With reference to Figure 1, a vertical tube nest heat 
exchanger is shown at 1 wherein plural tubes 2 are communicated 
at the top with a chamber 5 arranged to receive a liquid mixture 
to be concentrated, £nd at the bottom with a vaporization chamber 
6. The heat exchanger 1 is heated, such as by steam admitted 
through an inlet 3, condensation water be taken out through a 
drain A. 

The streams of Liquid mixture are heated within the plural 
tubes 2 of the heat exchanger 1 and caused to fall into the 
vaporization chamber 6 to form a corresponding plurality of 
free nappes 7 therein. The term M free napoe" is used herein 
to indicate the peculiar configuration taken by each liquid 
stream flowing into and through the vaporization chamber 
without interfering with adjacent streams. 

Said vaporization chamber 6 is provided sufficiently wide 
and Long to allow the free nappes 7 issuing from the individual 
tubes 2 to flow down side-by-side without becoming mixed with 
one another. 

Vapor evolves freely only from the surface layers of the 
individual nappes 7, which are hotter than the inner body (core) 
of the nappes. 
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A wall 10 is secured upwardly within the chamber 6, coaxially 
therewith, which defines, in cooperation with the inner surface 
of the chamber 6, an interspace 9 wherethrough the vapor 
evolving from the nappes 7 and flowing down into the chamber 6 
along with them flows up to an outlet port 15. 

The combination of the nappes 7 collect, after releasing 
the vapor, at the bottom 8 of the chamber 6 into a mass of 
concentrated liquid mixture. Through an inlet 12 in the bottom 8 
of the chamber 6 a flow of liquid mixture to be concentrated is 
introduced which is additivated to the aforementioned concentrated 
liquid mixture in appropri ate amount s . 

Through pipes 11 and 14, a pump 13 returns the concentrated 
liquid mixture, as additivated of the I iqui d mi xture to.be 
concentrated, to the cycle, feeding it into the intake chamber 
5 for the tubes 2. 

From the stream cycled back, an amount of liquid mixture is 
taken out at 16 equal to the amount introduced at 12 less the 
amount of vapor removed at 15. 

It stands to reason that the introduction of the liquid 
mixture to be concentrated and removal of the ccncentrated liauid 
mixture may also take place at different points; for instance, 
fresh liquid mixture could be introduced at 16, by providing 
suitable mixing means to make the napper uniform, and the 
concentrated liquid mixture be taken out at 12. 

The embodiments of the invention provide for the top inlet 
mouths of the tubes 2 to be rounded off, as shown in Figure 2, 
to reduce inlet losses and achieve a desired flow rate through 
the tubes more easily. 
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It is also contemplated that the tubes 2 may have the area 
of the outlet end 2a, open into the chamber 6, reduced as shown 
in Figure 3, for example, in order to provide a back pressure 
in the terminating portion of the tube effective to prevent 
incipient vaporization therein, and consequent reduction of the 
transfer coefficients, and with hard deposit-forming liquid 
mixtures as food liquid mixtures arebound to be, also the 
formation of hard deposits and product burns. 

This reduction in the cross-sectional inlet area may be 
obviously implemented in a variety of alternative ways: Figure 
3 shows a preferred solution wherein the outlet end section 18 
of the tubes 2 is tapered by expanding them in holes of the 
outlet tube plate which have a smaller diameter than the tube 
diamater . 

Figure 4 shows a solution wherein a ring insert 19 is 
fitted into the outlet cross-section of the tube, such as by 
expanding or threading; Figure 5 shows the solution based on the 
use of pins 20 carried on a holder 21 fitting into the outlet, 
cross-section of the tube to reduce its area. 

Throughout the various embodiments of the invention, it is 
further ccntemplated that the tubes 2, instead of being laid 
vertically downwards, as shown in Figure 1, may extend in a 
sub-horizontal direction sloping downwards to a greater or 
lesser degree, as shown in Figure 6 by way of example, and 
possibly sloping upwards to a greater or lesser degree, as shown 
in Figure 7, but in all cases with the outlet to a vaporization 
chamber 6 located above the concentrated mass collected at the 
bottom 8 and wherethrough the free nappes issuing from the 
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individual tubes can continue to flow without merging together 
.over the required distance to evolve the vapor. 
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CLAIMS 

1. A method of concentrating high-viscosity ffowable foodstuff 
possibly containing fibers, such as mixtures anc suspensions of 
tomato and fruit juices and puLps, generic foodstuff pulps, and 
the like, consisting of heating a continuous flow of said 
flowable foodstuff by wausing it to flow, under a sc-called full-tube 
condition, through a plurality of tubes of a tube nest heat 
exchanger, characterized in that it comprises the following 
steps: 

supplying said flowable foodstuff, from each tube in said 
heat exchanger directly into a vaporization chamber, to form a 
corresponding plurality of free nappes of heated flowable foodstuff 
therein; 

driving off said chamber the vapor being released from the 
surface of each free nappe of said flowable foodstuff; 

subsequently collecting all said free nappes of flowable 
foodstuff into a mass of concentrated flowable foodstuff; and 

returning said mass of concentrated flowable foodstuff to the 
inlet end of said heat exchanger following the addition of an 
appropriate amount of flowable foodstuff to be concentrated 
and tapping off a desired amount of the concentrated flowable 
foodstuff. 

2 m A method according to Claim 1, characterized in that 
in each tube of said heat exchanger wherethrough said flowable 
foodstuff is flown and at the Location of the outlet end 
thereof for delivery into said vapcrization chamber, there is 
created a back pressure to prevent vaporization of said flowable 
foodstuff from taking place at least within the terminating 
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portion of said tubel 

j 

3. An apparatus for concentrating a high-viscosity flowable 
foodstuff possibly containing fibers, such as mixtures and 
suspensions of tomato juice and pulp, generi c foodstuff pulps, 
and the like, in accordance with the method of Claim 1., comprising 
a tube nest heat exchanger CD having plural tubes (2) wherethrough 
the flowable foodstuff is caused to fLow, in liquid communication 
with a vaporization chamber (6) having a bottom (S) whereat a 

mass of said concentrated flowable foodstuff is collected and 
at least one vapor-exhausting port (15), a re-circulation pump 
(13) in communication, at one end, with said bottom (8), and at 
the other end, with the heat exchanger (1) tubes (2), characterized 
in that said tubes (2) have respective outlet ends (2a) directly 
and individually open into said vaporization chamber (6), above 
said bottom (S) and at a predetermined distance therefrom, to' 
deliver corresponding free nappes (7) of the flowable foodstuff to be 
concentrated into said chamber. 

4. An apparatus according to Claim 2, characterized in that each 
of said tubes (2) is provided, at its resoective outlet end (2a) open 
into the vaporization chamber (6), with an obstruction (18,19,20) 
effective to create a back pressure to the flow of flowable foodstuff 
to be concentrated to thereby oppose vapor formation within 

said tubes (2) . 

5. An apparatus according to Claim 4, characterized in that said 
obstruction comprises a reduction (18) in the area of said outlet 
end (2a) of the tubes by having the tubes socket tapered-. 

6. An apparatus according to Claim 4, characterized in that 
said obstruction comprises a ring insert (19). 
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7. An apparatus according to Claim 4, characterized in that 
said obstruction comprises a pin (20) penetrating the outle- 

end (2a) of the tubes (2) . 

8. An apparatus according to CLaim 3, characterized in that 
the tubes (2) of said heat exchanger (1) are Laid vertical and' 
pass the flowable foodstuff to be heated from the top downwards, 
and that the vaporization chamber (6) is located beneath said 
heat exchanger (1). 

9. An apparatus according to CLaim 3, characterized in that 
the tubes (2) of said heat exchanger (1) are Laid horizontal or 
sloping downwards and open into said vaporization chamber (6) 

a predetermined distance above the bottom (8) thereof. 

10. An apparatus according to CLaim 3, characterized in that 
the tubes (2) are laid to slope upwards and pass the flowable 
foodstuff from the bottom upwards, being open into said chamber 
(6) a predetermined distance above the bottom (8) thereof. 
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